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Abstract 
The diet of Powerful Owls (Ninox strenua) living at Christmas Hills, 35km north-east            
of Melbourne was examined by analysis of 686 regurgitated pellets collected over two 
years. 
 
An aid was also developed to help identify potential mammalian prey species based on 
hair and skeletal characteristics. The following features were found to be most useful             
in distinguishing between the three species of arboreal marsupials - Common Ringtail 
Possum   (Pseudocheirus   peregrinus),   Common   Brushtail   Possum   (Trichosurus   
vulpecula) and Sugar Glider (Petaurus breviceps): 
-   Cross-sectional width of primary guard hairs. 
-   The size and shape of the nasal, frontal, parietal and squamosal bones of the skull. 
-   Dentition. The size and shape of the upper incisor, canine and premolar teeth. The            
size and shape of the lower incisor and premolar teeth. 
-   The size of the humerus. The Sugar Glider has a much smaller humerus than that of 
the  Common  Ringtail  Possum  and  the  Common  Brushtail  Possum.  In the Common 
Brushtail Possum the entepicondyle ends in a very sharp point but the Common              
Ringtail Possum this point is not as sharp. 
-  The Common Ringtail Possum’s femur has a very prominent trochanter which         
projects further than that in the Common Brushtail Possum. The femur of the Sugar 
Glider is distinguished by having a very large depression between the condyle and the 
trochanter. 
-  The Common Brushtail Possum’s scapula has a narrower lower blade (relative to 
length) than that in the Common Ringtail Possum. The scapula of the Sugar Glider is 
smaller in size than that of the other two possums. . 
-  The pelvic girdle Of the Common Brushtail Possum has a much wider ischium than 
those of the Common Brushtail Possum and the Sugar Glider. The ilium of the Sugar             
is much narrower and smaller than that of the other two possums 
 xiv
 
Mammalian prey was found in 89%, insects in 13% and birds in 10% of the pellets. Of 
the mammals, Common Ringtail Possums occurred most frequently in the pellets over  
the year. There was no seasonal difference in the frequency of occurrence of Common 
Ringtail Possums and Sugar Gliders in pellets. However, Common Brushtail Possums 
were more likely to be taken in spring than in the other seasons. More adult Common 
Ringtail Possums were taken as prey than were other age classes over the year, except          
in summer when high numbers of young were consumed by the owls. 
 
The habitat of the Powerful Owl was examined by ground surveys and spotlight              
surveys in sixteen sites within the Warrandyte-Kinglake Nature Conservation Link.                        
Four categories of survey sites were chosen with the following features. 
 
Category A - Sites with a dense understorey of shrubs and small trees, as well as many 
old trees (>10/ha) which might be suitable for nest hollows.  
Category B - Sites which lacked a dense understorey of shrubs and small trees and 
containing few or no old trees suitable for nest hollows. 
Category C - Sites with a dense understorey of shrubs and small trees but containing           
few or no old trees suitable for nest hollows. 
Category D - Sites which lacked a dense understorey of shrubs and small trees but  
having old trees (>10/ha) which might be suitable for nest hollows. 
 
High prey densities strongly correlated with the presence of hollows at these sites. 
 
In the light of the results, management recommendations were made for the future 
conservation of the Powerful Owls living at Christmas Hills. The following 
recommendations were particularly important: 
 
1. Cleared or semi - cleared land within the Warrandyte Kinglake Nature Conservation 
Link be revegetated using indigenous species of eucalypts and waffles in order to 
 xv
 
provide a contiguous native forest corridor for the movement of possums and gliders 
between the Yarra River Valley and the Kinglake Plateau. 
 
2. Continued planting of Eucalyptus spp. and Acacia spp. in the forested areas of the 
Warrandyte-Kinglake Nature Conservation Link. 
 
3. Continued protection of healthy living trees to provide a continuous supply of             
hollow trees. 
 
4. No falling of dead standing trees for firewood collecting as these can provide nest 
hollows for prey species of the Powerful Owl. 
 xvi
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CHAPTER 1 – INTRODUCTION 
 
1.1  Historical Background 
 
The Powerful Owl (Ninox strenua) (Gould 1838) has traditionally been regarded as      
rare to uncommon, and restricted to or most numerous in dense gullies of tall open          
(wet sclerophyll) forest in hilly or mountainous areas of the coast and Great Divide  
(McGill 1960; Fleay 1968; Slater 1970; Macdonald 1973; Calaby 1976; Schodde and 
Mason 1980). 
 
Recent studies have shown that the Powerful Owl lives and breeds in a wider range of 
habitats than was previously reported. For instance, Debus and Chafer (1994)             
recorded the birds in New South Wales at all altitudes less than 1500m from the coast 
to the tablelands and western slopes, in open as well as in tall open forests. Chafer 
(1992) also included moist and dry open forest from an elevated plateau, littoral 
closed forest, coastal open forest and riparian closed forest among the owl’s recorded        
habitats. In Victoria, Powerful Owls have been known to live at what is now 
Warrandyte State Park since the early 1970s. Warrandyte is only 24km east of 
Melbourne and is a well established although forested urban outer suburb of the 
Melbourne metropolitan area. 
 
Pavey (1993) provides evidence that the Powerful Owl is a more adaptable species  
than generally accepted and capable of occupying suitable habitat close to human 
settlement. For instance, he found a pair which took up residence at Slaughter Falls 
(6km west of Brisbane G.P.O.) in mid 1987 and which bred there during the next 
three years, successfully rearing young each year. The nest site was in a large Grey 
Gum (Eucalyptus propinqua) on a south facing slope within a picnic ground (Pavey 
1993). 
 
Davey (1993) has found that the Powerful Owl has significant populations in wood -
production forests and tends to be confined to forests that have a development age of 
more than 60 years, and is found in both even and uneven aged forest. Recent studies 
(Debus and Chafer 1994, Kavanagh et al. 1995) have shown that there is little            
evidence  that  the  Powerful  Owl is adversely affected by habitat modification other than 
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clearfelling or conversion to an open landscape (Debus and Chafer 1994). Kavanagh            
et. al (1995) have reported the Powerful Owl at equal frequencies in extensive  
unlogged forest and a logged / unlogged mosaic with dispersed coupes and large gully 
reserves. 
 
Although these studies have shown that Powerful Owls can live in a wider range of 
habitats than once believed, it is nevertheless still vulnerable to habitat modification 
and destruction. Studies have shown that populations of Powerful Owls may have 
declined up to 50% through habitat loss (Debus and Chafer 1994). In intensively 
managed forests, the major issue will be the shortfall in tree hollows as old trees are 
lost. The Powerful Owl may well occur in logged and unlogged forests, even with 
surprisingly equal frequency, but critical factors may be logging intensity, time since 
logging and site quality (Debus and Chafer 1994). 
 
In optimal habitat in northern New South Wales, neighbouring pairs of Powerful 
Owls have been recorded 3-6 km and often up to 10km apart (Goddard in Fleay 1968) 
with home-ranges estimated at 800-1000 + ha per pair (Shodde and Mason 1980). 
Recent surveys have produced many Powerful Owl records, with some home-ranges 
estimated to cover as little as 400-600 ha per family group in optimal habitats with 
high prey densities (Davey 1993; Kavanagh and Peake 1993). Davey’s (1993) 
estimates, however, are based on unmarked calling individuals and are therefore of 
low reliability. In one remarkable case, Quinn (1993) recorded two family groups 
(each of a pair plus two juveniles) roosting <400m apart from each other. 
 
Typical Powerful Owl nest sites have been described as large vertical hollows in the 
trunks of trees 12-40m above the ground in gullies, in hilly or mountainous country 
(Beruldensen 1980). However, the owl also uses horizontal or sloping spouts          
(Schodde and Mason 1980; Hollands 1991), and Chafer (1992) recorded a mean            
height of the nest hollows of 9.3m above the ground in his review of New South 
Wales sites. 
 
The Powerful Owl’s diet has been found to consist mainly of arboreal marsupials, 
particularly   the   Greater   Glider  (Petauroides volans),  which  requires  tree hollows as                       
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den sites (Fleay 1968; Schodde and Mason 1980). Although this may be the case in 
high altitudes where the Greater Glider is abundant (James 1980; Kavanagh 1988), in 
coastal or lowland areas where other mammals are equally or more abundant or the 
Greater Glider is absent, the owl takes Common Ringtail Possums (Pseudocheirus 
peregrinus), Common Brushtail Possums (Trichosurus vulpecula), Sugar /Squirrel 
Glider (Petaurus brevicep/i norfolcensis) and a variety of other mammals, birds and 
insects (Seebeck 1976; Tilley 1982; Hollands 1991 ; Kavanagh 1992; Chafer 1992; 
Trail 1993 ; Lavazanian et al. 1994) 
 
1.2  The Powerful Owl (Ninox strenua) 
 
1.2.1  Description of the species 
 
The endemic Powerful Owl is Australia’s largest owl. It is sedentary and nocturnal           
and for the most part solitary, except for when the parents are tending their young.            
The Powerful Owl is an ecologically important species as it is a bird of prey and the 
highest consumer in the food chain. The owl is also an opportunistic hunter of 
vertebrate prey and will hunt those arboreal mammals or birds which are most  
abundant in its home range. 
 
Adult Powerful Owls are very large birds, with the male being slightly larger than the 
female (plate 2). The adult male Powerful Owl may weigh between 1469g and 1700g 
and adult females between 1240g and 1308g (Olsen 1991). Males grow to a height 
ranging from 48-65cm, with a wingspan ranging from 115cm to 135cm. Females 
grow to a height ranging from 45cm-54cm with a wingspan from 112cm to 132cm 
(Schodde and Mason 1980). The length of the tall of an adult Powerful Owl is 
equivalent to 61- 65% of the wing length (Schodde and Mason 1980). The long tail 
assists manoeuvrability in flight within the close confines of forests and they enhance 
the owls’ arboreal hunting capacity. 
 
The Powerful Owl has a short broad head and a dark brown face. The bill of the 
Powerful  Owl  is  blackish-brown in colour and the iris is a deep golden to rich orange- 
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yellow (Schodde and Mason 1980). The dorsal surface is dark brownish grey and 
barred coarsely, while the ventral surface is white and boldly patterned with chevrons 
of dark brownish grey. Juvenile Powerful Owls are morphologically similar to the 
adults, but have predominantly white underparts and a crown contrasting with dark 
streaks and dark eye patches (plate 3). The white plumage is replaced by adult          
plumage at about 4-5 months. The owl is characterised by huge yellowish-white 
talons and grey claws. 
 
Like other hawk-owls, Powerful Owls hoot to signal territory, to identi1 their position 
and, in the case of mated male and female, to maintain contact. It is a strong, long-
drawn double-note ‘whoooo-hoooo’, given through a closed bill and from a perch 
Both sexes give them, those of the male being stronger, deeper and more “deliberate” 
(Schodde and Mason, 1980). The owls may hoot at any time of the night, but usually 
more frequently during the early evening and towards dawn, and more persistently in 
the months just before nesting. Nestlings trill in a shrill manner for food, persistently 
so as they approach fledging and for several months afterward. The voice begins to 
“break” at four to five months after leaving the nest (Schodde and Mason, 1980). 
 
Owls regurgitate indigestible materials such as bones, hair and feathers in the form of 
pellets which can be collected from the ground. Pellets cast by the Powerful Owls are 
large, grey, oblong masses of heavy bones enveloped in fur and sometimes containing 
parts of insects or feathers of birds. The pellets measure 5-8 x 2-3cm. It is not known 
how often they are regurgitated (Schodde and Mason, 1980). According to Burton 
(1973), pellets form in response to a mechanical barrier posed by the small pyloric 
opening (an extension of the stomach) and in the absence of free acidity in the 
stomach. Digestion does not occur and resistant materials are periodically 
regurgitated. 
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Plate 2.  Pair of Powerful Owls roosting at Warrandyte State Park.  Photo: Alan Webster 
 
 
Plate 3.  Adult female with two owlets roosting in E. obliqua (roost 23) at One Tree Hill 
reserve.  Photo: Alan Webster 
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1.2.2  Conservation Status 
 
The Powerful Owl is classified nationally as ‘rare’ (Garnett 1992). It occurs in low 
densities in north-eastern and south-eastern continental Australia and is considered ‘rare’ 
in Victoria (Department of Conservation and Natural Resources 1995) and ‘threatened’ in 
the Greater Melbourne area (Mansergh et al. 1989). Estimates of population numbers in 
Victoria are less than 500 pairs (Garnett 1992). In New South Wales the Powerful Owl is 
considered ‘uncommon’ rather than ‘rare’ (Pavey 1993). Population estimates in New 
South Wales are less than 10,000 birds in the state (Morris et al. 1981). Estimates of 
population numbers between Taree in northern New South Wales and Queensland are 
1000-1500 pairs distributed patchily in tableland wood-production forests (Debus and 
Chafer 1994). The status of the Powerful’ Owl in Queensland is consistently given as 
‘rare’ on a loca1 regional and state wide level (Roberts and Ingram 1976; Roberts 1979;  
Czechura 1984; Leach and Hines 1987). Both Pavey (1993) and Debus and Chafer 
(1994), however, have argued that the status of the Powerful Owl in Queensland is 
‘uncommon’ rather than ‘rare’ or ‘vulnerable’. 
 
Given that about 20% of tall open forest and 50% of the open forest in New South Wales 
and up to 85% of forest cover in some regions of Victoria (Woodgate and Black 1988)  
have been cleared since European settlement (Lunney 1991) there is a potential for 
populations of the Powerful Owl to have declined by up to 50% through habitat loss.          
Much of the owl’s remaining habitat is fragmented and subjected to logging, grazing and 
burning. 
 
Forestry practices remove many trees with hollows which are potential nest sites for the 
owls or den sites for their prey. Intensive logging also causes a decline in arboreal 
hollow- dependent marsupials, particularly Greater Gliders (Kavanagh 1991). Habitat  
fragmentation may also cause problems for young owls dispersing and finding mates. The 
main threat to the owl in forest habitats is that modem intensive forestry practices result 
in the cumulative loss of old-growth forest elements, particularly trees containing hollows 
large enough for the owl to use for nesting (Garnett 1992). 
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The Powerful Owl also has specialised breeding requirements and a low annual 
recruitment rate (Debus and Chafer 1994) - probably less than one fledgling per territorial 
pair per year (Fleay 1968; Hollands 1991). Powerful Owl productivity in Victoria is 
estimated between 0.4 and 0.5 young per pair per year (Hollands 1991). This is lower 
than that for Masked  and Sooty Owls (1.2 and 0.9 young/attempt) (Debus and Chafer 
1994) and low by         raptorial standards. The Powerful Owl was formerly persecuted 
heavily by egg collectors, particularly in the Tenterfield region of N.S.W. Furthermore, 
the post-fledging dependence period is long, lasting up to and possibly inhibiting 
breeding in the next season (Hollands 1991). During this time juveniles are apparently 
subject to high first year mortality, injury, air-sac mite, disease and starvation (Fleay 
1968; Rose 1993). Given the owl’s strictly seasonal breeding, single attempt per year and 
low recruitment, pairs probably take many years to achieve self-perpetuating fecundity (a 
mean of two descendents of breeding age per pair) (Debus and Chafer 1994). 
 
1.2.3 Distribution 
 
The Powerful Owl is endemic to Australia, being resident in the three eastern mainland 
states and the Australian Capital Territory (Pavey 1993). The Powerful Owl is found from 
south-eastern Queensland to south-western Victoria as far north as Eungella, over 300km 
north-west of Rockhampton (Pavey 1993). Most of the population lives on the coastal 
side of the Great Dividing Range Figure 1) but in many places its distribution extends to 
the inland slopes (Schodde and Mason 1980; Blakers et al. 1984). For example, Pavey 
(1993). has recorded a breeding pair at Carnarvon National Park, which is 440 km west of 
the Queensland coast. 
 
Records of the distribution of the Powerful Owl in Victoria are heavily concentrated to 
the north-east of Melbourne. This area is known as the Upper Yarra Valley Region and 
includes Christmas Hills and Warrandyte State Park. Other highly concentrated areas 
include the East Gippsland Region and the Western District. Figure 2 shows the 
distribution of the Powerful Owl in Victoria. 
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Figure 1.  The distribution of the Powerful Owl in Australia (updated from Blakers et al. 
1984) 
 
Figure 2.  The distribution of the Powerful Owl in Victoria (from the Atlas of Victorian 
Wildlife 1994) 
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1.2.4 Roosting and Nesting 
 
Powerful Owls’ use of territory is predictable. Pairs or solitary birds occupy the same 
territory for many years, probably for life, notwithstanding loss of a mate. According to 
Schodde and Mason (1980) the owls also use 12 to 15 main roosts throughout their 
territories in rotation, each from several days to several weeks at a time. Favoured 
roosting trees are wattles (e.g. Acacia melanoxylon, Blackwood), eucalypts (e.g. 
Eucalyptus    radiata, Narrow-leaved Peppermint) and rainforest trees. At their roost sites 
the owls are frequently seen holding in their talons the prey of the previous night. 
 
Nesting occurs annually from May through to September. The timing seems geared to the 
rearing of young when food is most diverse through spring, and to the fledging of young 
in summer when Common Ringtail Possums and Sugar Gliders are released from parental 
care (Tyndale-Biscoe, 1973). 
 
Courtship develops slowly during April. The male and female begin to roost together, 
lirst in the same tree, then closer to within a metre or two on the same bough and 
frequently near the nest tree. The male also starts to present food to the female. According 
to          Schodde and Mason (1980), the nest site is chosen in April or early May. 
Internally, hollows are 50-180 cm deep and 45-75 cm in diameter (Schodde and Mason 
1980) (plate 4). Since they appear to use hollows of at least 50 cm in depth, the owls 
therefore require eucalypts older than about 150 years in age (Robinson et al. 1992). The 
male alone prepares the nest. 
 
The clutch is consistently two; the second egg is laid about four days after the first. Hence 
the first young hatches well ahead of the second and becomes much stronger in the initial 
weeks (Schodde and Mason 1980). According to Favaloro (1946) the eggs are almost 
spherical in appearance, dull white in colour finely textured and measure 49-56 x 43-46           
mm. The female incubates unaided until the young hatch is 35-38 days and she continues  
to brood them for another 30-31 days until they start to feed themselves. The male usually 
roosts well-distant from the nest by day, some 100-800 metres away, but flies in either in 
the evening or at dusk to feed the female. The young begin to eat at about a week after 
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hatching.  The female tears food into fine pieces to feed them, each piece covered with 
her saliva to help digestion (Fleay, 1968).  The adult female continues to care for and 
supervise the feeding of the young until they have grown their first adult plumage (Fleay 
1968).  At seven weeks, they can fly well, and during the eighth or ninth week, in late 
September or early October they fledge and begin to roost and perch outside with their 
parents (plate 5).  Then, during February and March they are dispersed from the territory. 
 
Plate 4.  Nest tree (E. obliqua) utilised by the Powerful Owls in 1991 at One Tree Hill 
Reserve.  Photo: Alan Webster 
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1.3 Aims of the Study 
 
In 1988 Davey and Norton (1990) identified the large forest owls (Powerful Owl,             
Sooty Owl and Masked Owl) as a group specifically requiring research and                 
management, in order to assist in the development of ecologically sustainable timber- 
harvesting strategies and thus conserve the wildlife values of publicly-owned wood- 
production forests. Chafer (1992) has also argued the there is an urgent need for 
comprehensive studies to be conducted on the Powerful Owl’s diet, habitat               
requirements and status, especially since previous studies have been either based on                 
few data or from a limited range of habitats. 
 
As part of a wider investigation into habitat management for the conservation of the 
Powerful Owls in the Warrandyte-Kinglake Nature Conservation Link (Land            
Conservation Council 1993), a dietary study of the Powerful Owls known to live in a 
Crown-land reserve in Christmas Hills, 35km north-east of Melbourne, was undertaken             
in 1993. In 1994 and 1995 these data were used, together with prey abundance,            
distribution information and habitat data (vegetation type, occurrence of hollow-               
bearing trees, land cover, land use) to identify critical factors for management and 
protection to facilitate the conservation of the owls in the nature-conservation link. 
 
In particular, the dietary study aimed to: 
 
a.   categorise food items analysed from pellets which had been regurgitated from the  
owls’ digestive tracts and which had been collected throughout the year, 
 
b.   identify mammalian prey to species level, 
 
c.   describe seasonal changes in mammalian prey detected in pellets, 
 
d.   describe seasonal changes in age class of Common Ringtail Possum taken as prey, 
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e.   prepare a diagnostic aid to help in the identification of skeletal parts and of hair of 
potential mammalian prey species. 
 
The habitat study of the Powerful Owl had the following two aims: 
 
a. To determine the relative importance of understorey shrubs and presence of tree            
hollows in emergent eucalypts in determining the abundance of prey species in                 
replicate study sites. 
 
b. Make preliminary recommendations for habitat management for the conservation of               
the owls based on dietary analyse, behavioural ecology and habitat use by Powerful             
Owls as recorded in the literature. 
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Plate 5.   Juvenile Powerful Owl (at fledging stage-approximately I 2 weeks old)                  
roosting at One Tree Hill Reserve. Photo: Alan Webster 
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CHAPTER 2 – METHODOLOGY 
 
This chapter is divided into two sections - Part A describes the study site and the 
methodology used in the dietary study. Part B describes the study sites and methodology 
used in the habitat study of the Powerful Owls. 
 
Part A Dietary Study. 
 
In 1991, Mr Alan Webster (Flora and Fauna Guarantee Officer, Department of 
Conservation and Natural Resources - DCNR) and local naturalists located a breeding 
pair of adults in Crown Land at Christmas Hills. 
 
2.1 Site Locality and Description 
 
One Tree Hill Reserve is 143.1 hectares of Crown Land in the Christmas Hills area, 
35km north-east of Melbourne.  The reserve forms part of a bushland link between 
Warrandyte State Park and the Yarra River to the south-east in Melbourne’s outer 
suburbs and Kinglake National Park to the north-east (Land Conservation Council, 
1991 and 1993). Figure 3 shows the Reserve’s location. 
 
The Land Conservation Council (LCC) recommended the area be set aside as a “bushland 
reserve” in 1977. However, Webster and Temby (1992) believe that there may be grounds 
for upgrading the area from a Bushland Reserve to a Flora and Fauna Reserve under 
Section 4 of the Crown Land (Reserves) Act 1978, and added to Schedule 3 of the 
National Parks Act 1975. 
 
One Tree Hill Reserve and the surrounding area is low open (dry sclerophyll) forest. The 
area is hilly but the gullies are fairly open. The presence of Powerful Owls in this area is 
ecologically interesting. 
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The site shows evidence of disturbance from human activities such as gold mining in 
which most large trees were felled for structural support of the mines or for fuel. 
Farming and housing have also contributed to habitat change on the edge of the site 
and with modifications such as an increased number of exotic species and a change in 
fire regime. 
 
Climate 
The average annual rainfall around Christmas Hills is 850mm. It may reach up to          
1100mm annually north of Christmas Hills (Barber et al, 1984). Frosts are uncommon 
and snow falls rarely on the higher hills. The average maximum temperature varies 
between 12.5°C in July to 26.5°C in January. The average minimum temperature 
varies between 5.3°C in July to 13.3°C in February (Barber et al., 1984). Plant growth 
is limited by low temperatures during June and July and by an excess of 
evaporation4ranspiration over precipitation from the end of December to mid-March. 
Consequently, the growing seasons are autumn and spring to early summer. 
 
Soils 
Predominantly yellow to yellow-brown frequently mottled duplex soils. Some 
gradational soils on steep slopes or ridge lines and top-soil textures range from sandy 
barns to loamy clays (Barber et al., 1984). Sub-soils have low permeability. 
 
2.2 Fauna 
 
The fauna at One Tree Hill has been classified as ‘significant’ at the State level by 
Mansergh et al. (1989) as it meets the following criteria. The site 
 
- supports a number of threatened species; 
- supports a high diversity of animal species (116 vertebrate species recorded); 
- provides an important habitat corridor in linking areas of high faunal 
significance in Kinglake to the north and Warrandyte to the South. 
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One Tree Hill contains an extensive mine which provides a roosting site for the 
Common Bent-wing Bat (Miniopterus schreibersii) and Eastern Horseshoe-bat 
(Rhinolophus megaphyllus). Both bat species are listed as threatened in Victoria 
(Department of Conservation and Natural Resources 1995). According to Webster 
and Temby (1992) up to 1000 Common Bent-wing Bats have recently been recorded 
leaving the roost, making it the second largest known roost for this species in central 
Victoria. 
 
In addition to the bats, One Tree Hill supports a high diversity of mammals, with 24 
species recorded including the Common Dunnart (Sminthopsis murina) and the 
Brush-tailed Phascogale (Tuan) (Phascogale tapoatafa) (Webster and Temby, 1992). 
Seven species of reptiles and amphibians and 78 species of bird, including the 
Powerful Owl, have been recorded. A list of native mammals known from the locality 
(excluding bats) is given in the Appendix I. 
 
2.3 Flora 
One Tree Hill Reserve supports representative examples of tall open / dry sclerophyll 
forest of: 
- Red Box (Eucalyptus polyanthemos) 
- Yellow Box (E. melliodora) 
- Red Stringbark (E. macrorhyncha) 
- Narrow-leafed Peppermint (E. radiata) 
- Messmate (E. obliqua) and 
- Manna gum (E. viminalis) 
and a small area of riparian forest. The Reserve thus has a eucalypt overstorey and in 
many areas there is an understorey of smaller trees, principally: 
- Prickly Moses (Acacia verticillata) 
- Spreading Wattle (A. genistifolia) 
- Black Wattle (A. mearnsii) 
- Hedge Wattle (A. paradoxa) 
- Woolly Tea-tree (Leptospermum lanigerum) and 
- Prickly Tea-tree (L. juniperinum) 
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A complex ground layer of shrubs, ferns, sedges, grasses, rushes and weeds covers           
the Reserve. Some of the weeds include: 
- Blackberry (Rubus procerus) 
- Boneseed (Chrysanthemoides monilifera) 
- Sweet Pittosporum (Pittosporum undulatum). 
- Austral Bracken (Pteridium esculentum). 
 
The Reserve is also known to have a rich orchid flora including the threatened           
Foothills Spider Orchid (Caladenia oenochila) and the rare Slender Tick-trefoil 
(Desmodium varians) (Gullan et al, 1990). 
 
The Reserve displays high diversity through both aspect and elevation and is 
considered to be of State Botanical Significance (LCC, 1993). 
 
2.4 Methodology 
 
Between July 1991 and August 1993, 78 known roost sites used by a family of 
Powerful Owls were located. The preferred roosts changed with season (Webster,            
pers. comm.). The roost sites were located by either the presence of the owls 
themselves, the location of regurgitated pellets or the appearance of ‘whitewash’- the 
excreta found on shrubs and ground litter below the roost site. The Reserve was   
visited at least once every two weeks by Alan Webster and pellets were collected on 
most occasions. On some visits the owls could not be located or pellets were not 
present. At other times I collected pellets whilst undertaking other aspects of this  
study. 
 
Pellets were collected from the ground and placed into separate envelopes. Each 
envelope was labelled with the date, roost site and collector. The pellets were          
brought back to the laboratory and placed in an oven at conventionally, 100°C for at 
least 24 hours, to free them of any viable parasite eggs and to also help preserve the 
material. Each sterilized pellet was teased out separately on a sheet of paper and any 
non-mammalian remains (insects and bird remains) that were found were recorded             
on  data   sheets.  Results  of  the  identification  were  also entered into datasheets. One 
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such data sheet is included in Appendix II. The identification of mammalian prey 
species used structural features of both skeletal remains and of primary guard hairs. 
 
2.4.1 Analysis of Skeletal Remains 
 
Bones and teeth found in the pellets were identified by comparison with a reference 
collection held at the University. The following skeletal parts remains were              
especially useful in distinguishing between species of mammalian prey: 
- skull bones 
- teeth 
- limb bones (humerus/femur) 
- scapula 
- pelvic girdle. 
 
Age classes of potential prey species were also determined using bone analysis. This 
is further discussed in Chapter 3. 
 
2.4.2 Hair Analysis 
 
Diagnostic features used in hair identification include: 
- hair length 
- bands of colour 
- medulla structure, and 
- shape of cross section. 
The distinguishing features of the hairs of potential prey species are discussed further  
in Chapter 3. Although there are several diagnostic features which can be used, the 
cross section of primary guard hairs was the only feature which I found to be 
particularly useful in distinguishing between potential prey species of the Powerful 
Owl. 
 
There are several types of hairs that form the mammal’s coat - underhairs, guard hairs and 
overhairs (Brunner and Coman, 1974). Guard hairs form the bulk of the outer pelage and 
are often described as shield hairs. The largest of the guard hairs, conveniently termed the 
‘primary guard hairs’ are of paramount importance in hair identification, for it is these 
hairs which generally exhibit the most diagnostically  useful   features.   In   guard   hairs  
the  distal  part  is  noticeably  wider  and  flattened, 
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forming a shield. When this part of the hair is cut in cross section it can be used to 
distinguish between different species. A cross section of the hair near the base can           
also be useful when identifying possum prey. According to Brunner and Coman          
(1974) a number of methods are available for obtaining the hair cross section and           
these range from simple hand-sectioning techniques through to the use of specially 
designed microtomes. In this study, the plate method was used. 
 
The apparatus consists of a stainless steel microscope slide of approximate            
dimensions 76 x 25 x 0.5mm with two to six holes, each 0.8mm diameter, drilled at 
equal intervals along the centre. For sectioning, a loop of cotton thread was passed         
up through one of these holes. Threads of cellulose acetate yam were then turned 
around three fingers four times and threads were inserted into the loop, then pulled a 
short distance down through the hole with the aid of the cotton thread. A small tuft      
of hair, containing guard hairs was inserted into the centre of the yarn bundle. Hairs  
and packing material were then pulled through the hole by means of the cotton             
thread. The cross-sections were obtained by using a sharp razor blade to cut the 
protruding hairs and packing material both sides of the plate. The cross-sections                       
were viewed under the microscope after a drop of paraffin oil and a coverslip was 
applied directly over the sectioning hole. 
 
Only a small tuft of hair was used at a time; if not, the shape of the hairs in the cross -
section became distorted as a result of undue packing pressure in the sectioning hole. 
This pressure caused the yarn to break. If only one or two hairs were used then the 
packing material was increased (ie. the yarn was turned five or six times around              
three lingers before inserted inside the cotton thread). If this was not done then the 
packing material fell out and no cross-section was obtained. 
 
Determining diet by pellet analysis has several advantages. The technique is non- 
destructive and produces only minimal disturbances to the bird under study (Brunner 
and Walks 1986). By working in the one area over a period of time, I was able to               
study the seasonal variation in diet of a pair of birds. Pellets were stored and used at 
convenient times and with the exception of the microscope the technique was 
inexpensive.   There  are  also  some possible disadvantages using this technique. “Soft” 
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food such as slugs or worms may be completely digested so that recognisable food 
remains do not occur in the pellets. The owl’s digestive processes can break down              
the hair’s structure to such an extent that identi1 mammalian prey without any              
bones was sometimes impossible. 
 
Part B Habitat Study 
 
The habitat study was undertaken as a part of a wider investigation into the 
conservation of the Powerful Owls in the Warrandyte-Kinglake Nature Conservation 
Link. Dietary and habitat data were used together to identify critical factors in the 
management and protection of the Powerful Owl in the nature conservation link. 
 
2.5 Site Locality and Description 
 
The Warrandyte-Kinglake Nature Conservation Link is located between the Yarra 
River at Warrandyte State Park and the Kinglake National Park. It traverses a 
topographic gradient from an elevation of about 50m on the Yarra, near Bend of Isles, 
to about 500m on the Kinglake Plateau and supports a range of vegetation 
communities. The main purpose of this link is to provide a continuous native forest 
corridor for the movement of fauna between the Yarra River Valley and the Kinglake 
Plateau. The proposed habitat link is indicated in detail on Figure 4. The Yarra Care 
Project team (1995) believes that this habitat link is essential for reducing the risks of 
sites of biological significance becoming ‘wildlife islands’. 
 
As the gold prospectors left the area, more intensive land settlement began. Crops of 
many types were grown, cattle and sheep raised and timber was harvested on small 
agricultural holdings. Many settlers sold up in the 1960s when they were informed of 
the proposal for a storage dam and many properties were purchased by the Melbourne 
and Metropolitan Board of Works (MMBW) in the proposed catchment area. 
 
A major component of the Warrandyte-Kinglake Nature Conservation link is land 
held by Melbourne Water (a component of the former MMBW). The land varies in 
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condition; some areas contiguous with One Tree Hill and the Rifle Range are densely 
forested and botanically in good condition. Watsons Creek frontage contains high 
quality remnants of riparian forests, which is depleted and often disturbed elsewhere 
in the region (LCC 1991). Closer to Kinglake National Park, the valley forest 
increases in extent, with Broad-leaf Peppermint and Mealy Stringybark heathy dry 
forests  occurring as elevation increases into the Park. 
 
2.6 Methodology 
 
Records of sightings of Powerful Owls in the study zone and records for the 
distribution of Common Ringtail Possum Common Brushtail Possum and Sugar 
Glider were obtained from the Atlas of Victorian Wildlife. 
 
Stereoscopic aerial photographs of the Warrandyte-Kinglake Nature Conservation           
Link were obtained from Vic Image. These were used together with ground surveys           
to select sixteen study sites. 
 
The following hypothesis was proposed in this study: 
Sites with high prey densities will have two main habitat features 
- an understorey of shrubs I trees 
- many old trees suitable for nest hollows. 
In order to test for this hypothesis survey sites were chosen to represent the following 
four different categories. 
 
Category A  - Sites with a dense understorey of shrubs and small trees, as well as 
many old trees (>10/ha) which might be suitable for nest hollows. 
Category B - Sites which lacked a det understorey of shrubs and small trees and 
containing few or no old trees suitable for nest hollows. 
Category C - Sites with a dense understorey of shrubs and small trees but containing 
few or no old trees suitable for nest hollows. 
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Category D - Sites which lacked a dense understorey of shrubs and small trees but 
having old trees (>10/ha) which might be suitable for nest hollows. 
At each of the study sites the following were undertaken: 
(a) Two l0m x 10m quadrats were measured. 
- Canopy trees (potential roost trees for the owls) were counted, identified and their 
heights estimated. 
- Understorey trees I shrubs (trees 1 shrubs which are suitable for possums for feeding 
and nesting) were counted, identified and their heights estimated. 
- The canopy trees and understorey plants were identified using Costermans (1986). 
Samples of species that were unidentifiable in the field were collected and later 
identified by Dianne Simmons, School of Aquatic Science and Natural Resources 
Management, Deakin University. 
- The girth (at chest height) and height of potential hollow-bearing trees were  
measured and the number of dreys and tree hollows present were counted. 
- Other information including percentage of leaf litter, canopy cover, soil type and 
dampness was also noted in the field. 
 
(b) Two spotlight runs along a transect were completed to determine the number of 
potential prey species in each study site. Two hand-held spotlights and binoculars          
were used to search the trees and the ground. A total of three hours of spotlighting          
was carried out at each transect. Figure 5 shows the location of the study sites; this          
was produced using a Geographic Information System ARC-INFO. 
 25
  
 
 26
CHAPTER 3 - DIAGNOSTIC AID TO THE IDENTFICATION OF 
POTENTIAL PREY SPECIES. 
 
3.1 Introduction 
This diagnostic aid was prepared to help in the identification of three major 
mammalian prey species of the Powerful Owl which have been found in this study. 
The three prey species are: 
- Common Ringtail Possum (Pseudocheirus peregrinus) 
- Common Brushtail Possum (Trichosurus vulpecula) 
- Sugar Glider (Petaurus breviceps) 
 
This identification of guard hairs and major bones does not involve the production of 
a dichotomous key but relies on photographs and diagrams. The aid relies partly on 
previously published works such as Brunner and Coman (1974), Archer and Clayton 
(1984), Merrilees and Porter (1979), Kingsmill (1962) and Green (1983). 
 
Hair Identification 
Primary guard hairs were taken from the ventral and dorsal surface of known carcasses of 
the three species of mammal held at the University. Hair length and colour were 
examined and recorded, then many cross sections and whole mounts were made to 
examine the variability in medulla structure and shape of cross section. My results were 
then compared with material previously published by Brunner and Coman (1974). In 
this aid, the major differences between hairs of the three likely prey species are 
discussed according to the following criteria: 
- Hair length 
- Bands of colour 
- Medulla structure 
- Shape of cross section of guard hairs sectioned at different distances  
from the base. 
Figures depicting hair morphology have been reproduced from Brunner and Coman 
(1974). 
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Bone Identification 
Bones were extracted from known carcasses held at the University or obtained on 
loan from the Museum of Victoria. Not all bones were found to be of diagnostic 
value, however. The following major bones and bone complexes were found to be 
diagnostically useful in this aid: 
- Skull 
- Teeth 
- Limb bones (humerus I femur) 
- Scapula 
- Pelvic girdle. 
Skeletal parts used as diagnostic aids in prey identification were photographed then 
scanned into a Photoshop ® document. Distinguishing features and labels are based 
on discriminating morphological features I observed, as well as those based on 
descriptions given in Archer and Clayton (1984), Merrilees and Porter (1979) and 
Green (1983). 
 
Age Class Determination in Common Ringtall Possums 
Possums were divided into three age classes in my study – adult(>12 mths), immature (6- 
12 mths) and young (<6 mths). Age classes of possums can be determined by examining 
the following: 
- Fusion of the epiphyses on the limb bones 
- Size of bones 
- Shape of humerus 
- Size of the skull 
- Presence or absence of teeth. 
I examined bones that I extracted from carcasses of known ages held at the University or 
on loan from the Museum of Victoria. The skeletal parts used were photographed and 
scanned into a Photoshop ® document. 
Distinguishing features and labels are based on discriminating morphological features 
I observed, as well as those based on descriptions given in Merrilees and Porter (1979) 
and Kingsmill (1962). 
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3.2 Identification of Guard Hairs. 
3.2.1 Hair Length 
_____________________________________________________________________ 
Figure 6. Profiles of representative primary guard hairs of Common Brushtail Possum, 
Common Ringtail Possum and Sugar Glider. (Reproduced from Brunner and Coman, 
1974). 
 
A. Common Brushtail Possum 
 
 
Average hair length 35mm 
 
 
B. Common Ringtail Possum 
 
 
 
Average hair length 25mm 
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C. Sugar Glider 
 
 
Average hair length 15mm 
 
Figure 6 shows that the length of the primary guard hairs differs considerably between the 
three species. The Sugar Glider has the shortest length hair (mean 15mm). It is also 
shown that the hairs of the Common Brushtail Possum are more wavy in outline than the 
hairs of the Common Ringtail Possum and the Sugar Glider. 
 
3.2.2 Bands of Colour 
The Common Brushtail Possum has distinct bands of colour along its hair. The bands can 
be cream, light brown, grey or black in colour. 
 
In general the hairs of the Common Ringtail Possum and Sugar Glider do not have 
distinct bands of colour. Each of these prey species, however, do have different coloured 
hair. In general, the main body hair of the Common Ringtail Possum and Sugar Glider is 
grey and brown in colour. The tail hair and stripes on the Sugar Glider is black in colour 
and some have white tips on their tails. 
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3.2.3  Medulla Structure 
The medulla structures of the Common Ringtail Possum and Sugar Glider are very 
similar. Figure 7 A and B shows a whole mount of a primary and a secondary guard hair 
which is typical of both species. The original photos were taken at the widest point of the 
primary guard hairs. 
_____________________________________________________________________
_ 
Figure 7. Whole mount of a Common Ringtail Possum primary and secondary guard hair. 
(Reproduced from Brunner and Coman, 1974). 
A Whole Mount of Primary Guard Hair B. Whole Mount of Secondary Guard Hair 
 
 Tightly Packed Blocks         Ladder-like Apperance 
 
This is in contrast to Brunner and Coman (1974) who suggest that the larger primary 
guard hairs of Common Ringtail Possums have an interconnected “z” block arrangement 
for the medulla. I have prepared and examined many such hairs and believe all have a set 
of either tightly packed or separated blocks in the medulla. 
 
The medulla structure, however, of the Common Brushtail Possum is different. From 
Figure 7 C it can be seen that the medulla has a “z”-shaped appearance. This can only be 
observed in large primary guard hairs. The medulla structure of a smaller guard hair is 
very similar  to  that  in  the  other two prey species. Therefore one must rely on other 
diagnostic 
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features such as the cross section of hair, length of hair or bands of colour to identify the 
hair of the prey species. 
________________________________________________________________________ 
Figure 7. (cont.) 
C. Whole Mount of Large Primary Guard Hair of a Common Brushtail Possum 
 
Z-shaped Appearance 
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3.2.4 Cross Section 
Cross-sections of guard hairs are the most effective way of identifying mammalian 
species through hair sampling. The cross-sections highlights the different shapes of the 
medulla in each species. Figure 8 A shows hairs of the Common Brushtail Possum cross-
sectioned in the mid-shield region. The hairs are ‘eye-shaped’ and have pointed corners. 
Maximum diameter of the primary guard hairs is up to 75 µ. Figure 8 C shows hair of the 
Common Brushtail Possum cross-sectioned near the base. The hairs have an irregular 
shape and the medulla may not be visible. Figure 8 B shows hairs of the Common 
Ringtail Possum  cross-sectioned in the mid-shield region. The hairs are also ‘eye-shaped’ 
but the corners of the hairs are not as sharp as the Common Brushtail Possum. Maximum 
diameter of the primal)’ guard hairs is up to 50 µ. Figure 8 D shows hairs of a Common 
Ringtail Possum cross-sectioned near the base. The hairs have a large medulla and are 
round in shape. Figure 8 E shows hairs of a Sugar Glider cross-sectioned in the mid-
shield region. The hairs are ‘eye-shaped’ and have a large medulla Maximum diameter of 
the primary guard hairs is up to 25 µ. 
________________________________________________________________________ 
Figure 8. Cross section of the primary guard hairs of the Common Brushtail Possum, 
Common Ringtail Possum and Sugar Glider. (Reproduced from Brunner and Coman, 
1974). 
 
Common Brushtail Possum 
A. Mid-shield Region 
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Common Ringtail Possum 
 
B. Mid-shield Region 
 
 
 
Common Brushtail Possum 
C. Near Base 
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Common Ringtail Possum 
 
D. Near Base 
 
 
Sugar Glider 
 
B. Mid-shield Region 
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3.3 Diagnostic Features of Major Bones 
3.3.1 Skull 
Figure 9 is the diagrammatic representation of the dorsal view of skulls of the Common 
Brushtail Possum, Common Ringtail Possum and Sugar Glider. The cross-hatched areas           
in Figure 9 A indicates gross features of the skull that are different in each of the three 
species. In particular the size and shape of the nasal (N), frontal (F), parietal (P),   
squamosal (S) and orbit (0) should be noted in each of the four species. The skulls of the 
three species, illustrated in Figure 9, also shows distinct differences in the shape. 
Figure 9 D, E and F show the equivalent photographs of the three species’ skulls. 
________________________________________________________________________ 
Figure 9. Dorsal view of the skulls of Common Brushtail Possum, Common Ringtail 
Possum and Sugar Glider. (Reproduced from Archer and Clayton 1984). 
A. Common Brushtail Possum 
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B. Common Ringtail Possum 
 
 
 
C. Sugar Glider 
 
 
 
Abbreviations : (N) nasa1 (M) maxilla, (J) jugal, (PM) premaxilla, (F) front4, (P) parietal, 
(S) squamosal, (O) orbit 
 37
Figure 9 (cont.) 
 
9 D Common Brushtail Possum 
 
   9 E Common Ringtail Possum 
 
9 F Sugar Glider 
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3.3.2 Dentition 
Figure 10 is a diagrammatic representation of the dentition of the Common Brushtail 
Possum, Common Ringtail Possum and Sugar Glider. On each of the diagrams 
distinguishing features of the dentition have been identified. Figure 10 D, E and F depict 
the equivalent photographs of the three species’ dentition. Figure 11 highlights some of 
the distinguishing features of the dentition in the lower jaw of the Common Brushtail 
Possum and Common Ringtail Possum. 
________________________________________________________________________
_ 
Figure 10. Dentition of the Common Brushtail Possum, Common Ringtail Possum and 
Sugar Glider. (Reproduced from Archer and Clayton 1984). 
 
A. Common Brushtail Possum 
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B.  Common Ringtail Possum 
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E. Sugar Glider 
 
 
 
 
Abbreviations: (D) dentary, (I) incisor, (C) canine, (P) premolar, (M) molar, (N) nasal, 
(Ma) maxilla, (J) jugal, (Pmx) premaxilla, (F) frontal, (P) parietal, (S) squamosal 
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           Figure 10 (cont.) 
 
         10 D Common Brushtail Possum 
 
 
         10 E Common Ringtail Possum 
 
10 F Sugar Glider 
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Figure 11 Lower Jaw of the Common Brushtail  
       Possum and Common Ringtail Possum 
 
     11 A Common Brushtail Possum 
 
 
     11 B Common Ringtail Possum 
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3.3.3 Limbs (humerus and femur) 
(a) Humerus 
There are two main differences in the humerus of the Common Brushtail Possum and the 
Common Ringtail Possum. In the Common Brushtail Possum the entepicondyle for 
attachment of the extension muscles of the forearm ends in a very sharp point (Figure 12 
A), but the Common Ringtail Possum this point is not as sharp (Figure 12 B). The second 
difference is that the deltoid crest on the humerus of the Common Ringtail Possum 
flattens out at the very top whereas in the Common Brushtail Possum it comes to a point. 
The humerus of the Sugar Glider is much smaller than that of the Common Brushtail 
Possum and the Common Ringtail Possum. 
 
(b) Femur 
The Common Ringtail Possum femur has a very prominent trochanter (Figure 13 B) 
which projects further than that in the Common Brushtail Possum (Figure 13 A). Another 
difference is that the base of the femur in the Common Ringtail Possum projects further 
than in the Common Brushtail Possum. The femur of the Sugar Glider is distinguished by 
having a very large depression between the condyle and the trochanter (Figure 13 C). 
 
3.3.4 Scapula and Pelvic Girdle 
(c) Scapula 
The Common Brushtail Possum scapula has a narrower lower blade (relative to length) 
than that in the Common Ringtail Possum (Figure 14 A). The upper blade of the scapula 
of the Common Ringtail Possum has an angle nearer to 90 degrees than in the Common 
Brushtail Possum (Figure 14 B). The scapula of the Sugar Glider is smaller in size than 
that of the Common Brushtail Possum and Common Ringtail Possum (Figure 14 C). 
 
(d) Pelvic Girdle 
The pelvic girdle of the Common Brushtail Possum has a much wider ischium than those 
of the Common Ringtail Possum and the Sugar Glider (Figure 15 A). The pubis is smooth 
in the Common Brushtail Possum and in the Sugar Glider whereas it has a projection in 
the Common Ringtail Possum (Figure 15 B). The obturator foramen in the pelvic girdle 
of the Common Ringtail Possum is more circular than that in the Common Brushtail 
Possum.  The  ilium  of  the  Sugar  Glider  is  much  narrower  and smaller than that of 
the other two 
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possums (Figure 15 C). The angle of the ilial projection in the Common Ringtail Possum             
is flatter than that in the Common Brushtail Possum and the proximal end if the ilium 
varies in shape of all three possums Figure 15 A, B and C). 
 
3.4 Age Class Determination in Possums 
Common Ringtail Possum specimens were categorized into three age classes 
- <6 months (young) 
- 6-12 months (immature) 
- >12 months (adult) 
on the basis of known-age specimens held at University or obtained on loan from the 
Museum of Victoria. The following discriminate features were then used to classi1 age 
groups of bones of Common Ringtail Possums detected in the owl pellets. The methods 
described below can be used for both the Common Ringtail Possum and the Common 
Brushtail Possum. 
 
1. The fusion of the epiphyses on the limb bones. 
According to Kingsmill (1962), in young Common Brushtail Possums all the epiphyses of 
the limbs are separated from the diaphyses by broad cart disks. This can be found                      
in Common Brushtail Possums up to 177 - 488 days of age (see Figure 16 C). In mature 
possums (>1519 days old in Common Brushtail Possum) the cartilage disk appears as a 
narrow plate or the suture is visible as an indistinct line (see Figure 16 A). Kunz (1988) 
also found epiphyseal - diaphyseal fusion as a useful feature in limb bones to distinguish 
between young and adult bats. Figure 16 has been adapted from Cooke (1995). 
 
2. The size of bones is also a criterion which can be used to distinguish between young 
and mature possums. According to Thomson and Owen (1964), growth continues 
throughout the life of the Common Ringtail Possum and this is best seen in the increase in 
length of the femur and humerus bone and in a general increase in body weight. For 
example, the humerus of a young Common Ringtail Possum may reach 2.5cm, while the 
humerus of a  an adult Common Ringtail Possum may reach 4.5cm. The femur of a young 
Common Ringtail Possum may reach 2.5cm while the femur of an adult Common 
Ringtail Possum may reach 7cm. 
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3. Shape of humerus. 
Figure 17 highlights the major difference in the shape of the humerus between a young 
and an adult Common Ringtail Possum. It can be seen that the entepicondyle flares out 
more in the adult humerus than the young humerus. 
 
4. Size of the Saggital Crest. 
For the Common Brushtail Possum. adults up to 2.5 years old can be distinguished by the 
low sagittal crest, which is 1mm high or less (refer to Figures 18 B and C). Adult 
possums which are 2.5 years and older can be distinguished by a sagittal crest which is 2-
3mm above the level of the parietal bones (refer to Figure 18 A). Figure 18 has been 
adapted from Cooke (1995). 
 
5. Presence and Absence of Teeth. 
In juvenile possums not all the molar teeth may have erupted (Figure 19 B). In the lower 
jaw of the Common Ringtail Possum, sockets for two small teeth are often missing from 
older animals. This feature is shown in Figure 19 A. 
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Figure 12    Humerus of the Common Brushtail Possum, Common  
Ringtail Possum and Sugar Glider 
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Figure 13  The Femur of the Common Brushtail Possum, Common 
Ringtail Possum and Sugar Glider 
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Figure 14   Scapula of the Common Brushtail Possum, Common Ringtail 
Possum and Sugar Glider 
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Figure 15  Pelvic Girdle of the Common Brushtail Possum, Common 
Ringtail Possum and Sugar Glider 
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Figure 16  Humerus of Common Brushtail Possum at three different 
ages 
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  Figure 17  Humerus of Common Ringtail Possum  
           at two different ages 
 
               A. Young                                B. Adult 
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Figure 18 Dorsal view of Common Brushtail Possum skull at 
three different ages 
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Figure 19  Lower jaw dentition of the Common Ringtail 
Possum and Common Brushtail Possum 
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CHAPTER 4 - FOOD OF THE POWERFUL OWLS AT CHRISTMAS HILLS 
 
4.1 Introduction 
A major aim of the present study was to determine the diet of the Powerful Owls living at 
Christmas Hills. In particular, I aimed to: 
- categorise major food items, 
- determine the species of mammals consumed and record the percentage occurrence of 
each prey species over the four seasons, 
- describe any seasonal variation in age classes of the principal mammalian prey species, 
the Common Ringtail Possum, 
- compare my findings about the owls’ diet with similar studies. 
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4.2 Food Categories. 
A total of 686 food pellets were analysed. Table 1 shows that mammals were present in 
89% of the pellets that were analysed, insects were in 13% and birds in 10%. The number 
of pellets collected over the four seasons was not equal, despite equal collecting intensity 
over the year. During autumn the owlets disperse from the parents’ territory, therefore the 
total number of pellets collected would decrease. Another reason for the reduced number 
of pellets collected in autumn is that this is when the adult owls roost apart from one 
another and are often difficult to locate. 
 
 
Table 1. Dietary components in pellets collected over spring, summer, autumn and winter. 
Numbers represent the percentage of pellets which contained the item in that category. 
 
%= the percentage of the total number of pellets analysed which contained the dietary 
item. 
* Total = total number of occurrences. 
NS = not significant 
________________________________________________________________________
_ 
Season may have an important influence on the food which is taken by the owls. Table 1 
suggests that mammals may be consumed in relatively higher numbers in winter than in 
the other seasons. According to Schodde and Mason (1980) the Barking Owl (Ninox 
connivens) catches warm blooded vertebrates more frequently when nesting, presumably 
to provide the young with a richer diet of protein. The Powerful Owls at Christmas Hills 
nest during winter. Perhaps, like the Barking Owl, the Powerful Owl also catches more 
mammals during winter to provide the owlets with a richer diet of protein. Alternatively, 
during winter other prey items may also be less abundant and therefore mammals might 
be the only reliable food source for the owls. 
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Although the data may suggest that insects form a significant component of the owls’ diet 
in summer, there was no significant difference in the occurrences of insects over the four 
seasons. Sub-adult owlets have been observed taking insects in flight (Webster pers. 
comm.) and adults probably do the same. Fifteen pellets contained the remains of large 
nocturnal beetles. 
 
Some insects, however, may have been present in the diet from secondary ingestion. 
According to Henry and Suckling (1984) the chief food of Sugar Gliders (Petaurus 
breviceps) during spring and summer are invertebrates and these are taken in preference 
to the abundantly available plant exudates. 
 
Table 1 shows that birds are taken mainly in the spring and summer. Some of the bird 
remains found in pellets could be identified to species level and included the Australian 
Magpie (Gymnorhina tibicen), Crimson Rosella (Platycercus elegans) and Galah 
(Cacatua roseicapilla). A White Chough (Corcorax melalnorhamphos) was also 
observed in. the talons of the male owl on one occasion (Webster, pers. comm.). 
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4.3  Seasonal Variation of Mammalian Prey in the Diet 
 
Table 2 shows that the most abundant prey species in the owls’ diet over the four seasons 
was the Common Ringtail Possum. The other mammalian species were all taken in small 
numbers when compared with the total number of Common Ringtail Possums taken. This 
is also shown in Figure 20. My data support other studies which suggest Powerful Owls 
prefer to take medium- sized, slow-moving, arboreal mammals as major food items 
(Seebeck, 1976; Tilley, 1982; Chafer, 1992; Trail, 1993). 
________________________________________________________________________
_ 
Table 2. Percentage of pellets collected over spring, summer, autumn and winter 
containing remains of mammals taken as prey. 
 
 
 
%= the percentage of the total number of pellets (686) analysed which contained the 
remains of mammalian prey. 
*Total = total number of occurrences of that prey species. 
 
 
Table 2 and also Figure 20 show that the Common Brushtail Possum was taken mainly 
during the spring. Most Common Brushtail Possum births occur in April and May. They 
are suckled in the 
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pouch for five months after which they ride on their mothers’ backs for a further two 
months (Tyndale-Biscoe, 1973). The occurrences of Common Bmshtail Possums in the 
pellets in spring probably coincides with the emergence of the joeys on to the mothers 
backs. Seebeck (1976), Tilley (1982) and Van Dyck and Gibbons (1980), have suggested 
only immature Common Brushtail Possums are taken in spring and not the adults. Cooke 
(1995) however, recorded adult Common Brushtail Possums in 15% of the pellets 
analysed. 
 
 
Figure 20. Number of pellets collected over the four seasons containing various species 
of mammalian prey. 
 
 
 
The Common Ringtail Possum lives in communal groups that include adults and juveniles 
(Tyndale-Biscoe and Calaby, 1975). According to Suckling (1984) at least 75% of Sugar 
Gliders 
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Plate 6 Sub Powerful Owl holding a Common Ringtail Possum at One Tree Hill Reserve 
Photo: Alan Webster 
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Plate 7  Adult Powerful Owl holding a Common Brushtail Possum at Warrandyte State 
Park Photo: Alan Webster 
 
 
 61
 
also live in groups containing up to seven adults of up to four age classes. This behaviour 
may make these mammals easier targets for predation by the Powerful Owl than solitary 
possums such as the Common Brushtail. Common Brushtail Possums also spend more 
time stationary on the ground when it is well moonlit than when it is not. MacLennan 
(1984) suggests this pattern of terrestrial activity could be associated with predator 
avoidance. 
 
A chi-square test was undertaken to see if there was any seasonal variation in the 
occurrences of three common mammalian prey species - (Common Ringtail Possum 
Common Brushtail Possum and the Sugar Glider) in the pellets collected over the year. 
As shown in Table 3 there was no seasonal difference (P>0.10) in the occurrences of both 
Common Ringtail Possums and Sugar Gliders in pellets over the four seasons. Powerful 
Owls, however, were much more likely to take Common Brushtail Possums in Spring 
than the other three seasons and this difference was statistically significant at the 0.01 
level. 
________________________________________________________________________ 
Table 3. Results of a chi-square test to assess the significance of any seasonal difference 
in the occurrence of three species of mammalian prey in the Powerful Owls’ diet. 
 
 
 
NS = not significant HS = highly significant 
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4.4 Age classes of Common Ringtail Possums prey 
 
One hundred and fifty pellets containing Common Ringtail Possums were randomly 
selected and analysed. Three pellets contained both adult and young possum remains; all 
others contained only the one age class of Common Ringtail Possum. 
 
Table 4 indicates that adult possums were taken more frequently over the four seasons 
(50% of pellets contained adult bones) compared with immature possums (28%) and 
young possums (22%). This is also illustrated in Figure 21. There is a highly significant 
difference in the overall consumption of the three age classes (P< 0.01). Adults were 
much more likely to be taken than immature and young. However, during summer, there 
is no significant difference in the percentage occurrence of Common Ringtail Possum in 
the three age classes occurring in the pellets (P> 0.05). This is because of the high number 
of immature and young possums taken compared with the total number of adult possums 
taken that season. 
________________________________________________________________________ 
Table 4. Age classes of possum prey recorded in pellets collected in spring, summer, 
autumn and winter. 
 
 
 
The Common Ringtail Possum gives birth between April to August; some are born as late 
as November (Tyndale-Biscoe, 1973). The young emerge from the pouch four months 
after birth and are either in the nest or ride on their mothers back for a further two 
months. This can be any time from August to February. A high number of immature and 
young possums detected in pellets collected during summer may indicate some late births 
during the months of July or August, which would mean more young possums are 
emerging from the pouch during summer. 
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Figure 21. Age classes of Common Ringtail Possum prey detected in owl pellets over the 
four seasons. 
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Plate 8.  A pellet containing Common Ringtail Possum remains teased out onto a sheet of 
paper.  Diagnostic bones of the Common Ringtail Possum are shown on the left hand 
side. 
 
 
 
Plate 9.  A pellet containing Sugar Glider remains teased out onto a sheet of paper.  
Diagnostic bones of the Sugar Glider are shown on the left hand side. 
 
 
4.5 Previous Dietary Studies 
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The data in this study confirm previous studies on the Powerful Owl, which suggest that it 
feeds mainly on those medium-sized species of arboreal marsupials that are most readily 
available at a given locality. The data also support dietary studies elsewhere that have 
found Common Ringtail Possums the principal prey species in coastal or lowland sites in 
Victoria (Seebeck 1976, Tilley 1982, Hollands 1991 and Trail 1993). Fleay (1968) and 
Kavanagh (1988) believed that the Greater Glider is a major prey item from their studies 
in highland Victoria and south-eastern New South Wales, a view that is disputed by 
Pavey (1992). 
 
Studies by Seebeck (1976), Tilley (1992) and Chafer (1992) have suggested the Sugar 
Glider may be an important prey species in the owl’s diet. Trail (1993) recorded Squirrel 
Gliders (Petauru norfolcensis) in 30% of the pellets and Sugar Gliders in 14% of the 
pellets and in a recent study by Pavey (1995) Sugar/Squirrel Gliders were recorded as a 
major prey item at one of his study sites - Toohey Forest. This site is 530 ha of woodland 
and dry open forest 10km south of Brisbane. My data also suggest that Sugar Gliders 
form an important component in the diet of the owls at Christmas Hills (see Table 2). 
 
According to Tilley (1982), who worked at several sites in Victoria, the Sugar Glider was 
the major prey item in autumn and the Common Ringtail Possum in winter. Van Dyck 
and Gibbons (1980) found the heaviest predation of Sugar Gliders was in winter. In both 
of these studies, however, no statistical analysis was undertaken to determine if there was 
a seasonal difference in the occurrences of theses two prey species in pellets over the 
year. In this study a chi-squared test was undertaken and it showed there was no seasonal 
difference in the occurrences of the Sugar Glider and the Common Ringtail Possum in 
pellets collected over the four seasons. In contrast, Cooke (1995) did find a significant 
seasonal variation (P<0.10) in the number of pellets containing Sugar Glider remains over 
the four seasons. She found no glider remains in pellets found in winter and attributed this 
to lower activity levels and torpor displayed by the gliders at this time of the year. 
 
In two studies (Tilley 1982 and Pavey 1995) birds were found to be the major dietary 
item. At two of her Victorian sites Tilley found the second-most frequent item in the diet 
of the owls was the Australian Magpie and at two of Pavey’s Brisbane sites-Bunyaville 
State Forest Park and Mt. Coot-tha birds were recorded as a major dietary item. 
Numerically, birds made up seven of 17 
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items at Bunyaville and 59 of 209 items at Mt. Coot-tha. Some of the birds recorded at 
these two sites included the following: 
- Rainbow Lorikeet (Trichoglossus haematodus) 
- Scaly-breasted Lorikeet (T. chiorolepidotes) 
- Galah (Cacatua roseicapila) 
- Pied Currawong (Strepera graculina). 
In my study, as in sites in coastal New South Wales (Chafer 1992), bird remains were 
found in only 10% of the pellets. Few birds were identified to species level in this study. 
 
Insects have been reported in the diet of Powerful Owls elsewhere by Fleay (1968), 
Seebeck (1976), Tilley (1982), Trail (1993) and Pavey (1992) although none of these 
workers recorded such a high frequency of insects in owl pellets as were found at 
Christmas Hills. 
 
Table 2 also shows that Common Brushtail Possums were mainly taken during spring. 
These results are comparable with those in previous studies (Seebeck 1976; Van Dyck 
and Gibbons 1980; Tilley 1982; Trail 1993; Cooke 1995), and are related to the 
emergence of young Common Brushtail Possums on to their mother’s back. 
 
Cooke (1995) found, however, that the Common Brushtail Possum was the second-most 
frequently occurring prey item in the owl’s diet at Warrandyte State Park. As expected, 
the diet of the Warrandyte owls is similar to that of the pair Owls at Christmas Hills 
which is only 15km north-east of Warrandyte State Park. Important differences, however, 
were that Common Brushtail Possums were more frequently detected in pellets of the 
Warrandyte birds (29% of pellets with mammals compared with 3% at Christmas Hills) 
and fewer birds were found in pellets from the Warrandyte birds (2% occurrence 
compared with 10% at Christmas Hills). 
 
Cooke (1995) also recorded adult Common Brushtail Possums in 15% of the pellets 
analysed which contained this species. The majority of adult Common Brushtail Possums 
(43%) were taken in spring (Cooke 1995). 
 
Finally, Table 2 shows that one antechinus (Antechinus sp.) was identified in a pellet and 
three pellets contained rabbit remains. According to Seebeck (1976) it is not surprising to  
find antechinus in the diet of the owl as some species of these dasyurid marsupials are 
scansorial. It 
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was not possible to identify the antechinus to species level because their was no skeletal 
remains in pellets. Hair analysis was used instead. It is also not unusual to find rabbit in 
the owls’ diet. Previous studies by Fleay (1928), Seebeck (1976), Van Dyck and Gibbons 
(1980), Tilley (1982) and Cooke (1995) have all found rabbit remains in pellets of the 
Powerful Owl. 
 
4.6 Conclusion 
 
The main objectives of the dietary study were achieved. Mammalian prey was found in 
89%, insects in 13% and birds in 10% of the pellets. Of the mammals, Common Ringtail 
Possums occurred most frequently in the pellets over the year. There were no seasonal 
differences in the frequency of occurrences of Common Ringtail Possums and Sugar 
Gliders in pellets. However, Common Brushtail Possums were more likely to be taken in 
spring than in the other seasons. More adult Common Ringtail Possums were taken than 
other age classes over the year, except in summer when high numbers of young were 
consumed by the owl. 
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CHAPTER 5 HABITAT OF THE POWERFUL OWLS 
 
5.1 Introduction 
The habitat study was a part of a wider investigation into habitat management for the. 
conservation of the Powerful Owl in the Warrandyte-Kinglake Nature Conservation Link 
being undertaken by the Department of Conservation and Natural Resources. In this 
section of my project, I aimed to: 
(a) describe some of the structural, habitat and floristic factors which influence the 
abundance of prey species and measure these in a series of quadrats. 
(b) make preliminary recommendations for habitat management and the conservation of 
the owls based on dietary analyses, behavioural ecology and habitat use by Powerful 
Owls recorded in the literature and from the findings of this study. 
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5.2 Habitat features 
The following hypothesis was proposed in the study: 
Sites with high prey densities will have two main habitat features: 
- an understorey of shrubs/trees 
- many old trees suitable for nest hollows. 
In order to test this hypothesis four categories of survey sites were chosen with the 
following features: 
Category A - sites with a dense understorey of shrubs and small trees, as well as many 
old trees (>10/ha) which might be suitable for nest hollows. (Plate 10) 
Category B - sites which lack a dense understorey of shrubs and small trees and contain 
few or no old trees suitable for nest hollows. (Plate 11)  
Category C - sites with a dense understorey of shrubs and small trees but containing few 
or no old trees suitable for nest hollows. (Plate 12) 
Category D - sites which lack a dense understorey of shrub and small trees but have old 
trees (>10/ha) which might be suitable for nest hollows. (Plate 13) 
 
Only a limited number of different sites within the study zone were available. Six survey 
sites were chosen each from categories A and D. Two survey sites were chosen each from 
category B and C. In total there were sixteen study sites. Sites A and D typically had 
more than 10 trees with hollows per ha. 
Figure 22 shows the location of the study sites in the Warrandyte-Kinglake Nature 
Conservation Link and the records of sightings of the Powerful Owl. Table 5 summarizes 
the results of the habitat study. 
 
Category A sites were located in vegetation adjacent to: 
- Osborne Track 
- Buttermans Track Roberts Track 
- Happy Valley Track 
- Long Gully Road 
- Marshall Road. 
Five of the six sites were situated near gully lines. 
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Plate 10. Category A site situated adjacent to Osborne Track 
 
 
Plate 11. Category B site situated adjacent to Skyline Road. 
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Plate 12. Category C site situated adjacent to Skyline Road. 
 
 
 
Plate 13.  Category D site situated adjacent to One Tree Hill track. 
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The canopy at each of these sites was approximately 1 8 to 25 m high and consisted of 
the following trees: 
- Manna Gum (Eucalyptus virninalis) 
- Scent-bark (E. arornaphloia) 
- Long-leaved Box (E goniocalyx) 
- Red Box (E polyanthernos) 
- Broad-leaved Peppermint (E. dives) 
- Yellow Box (E. melliodora) 
- Narrow-leaved Peppermint (E radiata) 
- Swamp Gum (E ovata) 
- Red Stringybark (E macrorhyncha) 
- Messmate (E obliqua) 
The density of the canopy varied from 5 to l8 trees per 10m2 quadrat.  
The understorey was approximately 2 to 10 m high and was dominated by: 
- Tea-tree (Leptospermurn continentale) 
- Common Dogwood (Cassinia aculeata) 
- Black Wattle (Acacia mearnsii).  
Other shrubs present included 
- Burgan (Kunzea ericoides) 
- Blackwood (A. melanoxylon) 
- Spreading Wattle (A. genistifolia) 
- Cinnamon Wattle (A. leprosa) 
- Prickly Moses (A. verticillata) 
- Prickly Currant Bush (Coprosma quadrifida) 
- Snowy Daisy Bush (Olearia lirata) 
The density of the understorey trees varied from 17 to 60 shrubs per 10m quadrat. In 
most sites the understorey was very dense. This posed problems in terms of counting 
the shrubs. In order to complete the task and obtain accurate results a l0m x l0m 
quadrat had to be sub-divided into two 5m x 5m quadrats. 
 
Austral Bracken (Pteridium esculentum) dominated the ground layer of shrubs, 
together with a variety of sedges, grasses and rushes which were not identified. Two 
common weeds found in most sites were Blackberry (Rubus procerus) and Sweet 
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Pittosporum (Pittosporum undulatum). Leaf litter cover was 70% - 100% in the 
majority of the sites and many fox and wallaby seats were present. 
 
The mean number of possums spotlit in Category A sites varied from 6 to 13 possums 
in one hour. Mammals and birds seen included the following: 
- Common Ringtail Possum 
- Common Brushtail Possum 
- Sugar Glider 
- Southern Boobook Owl (Ninox noveaseelandiae) 
- Common Wombat (Vombatus ursinus) 
- Short-beaked Echidna (Tachyglossus aculeatus) 
- Rabbit 
- Bat (unidentified) 
Most of the possums were seen in eucalypt trees. Possums and gliders in the six sites 
used tree hollows. Dreys were very rarely seen. In fact only two dreys were located 
and only one at One Tree Hill is known to be actively utilised by the Common 
Ringtail Possum (Webster pers. comm.) 
 
At each site the girth (at chest height) of two large eucalypt trees was measured. The 
trunk circumference of the trees in Category A sites varied from 2.2 to 3.6 m. The 
eucalypts were either Manna Gums or Messmates. 
 
Category B sites were located in vegetation adjacent to Skyline Road. The canopy at 
the two sites was approximately 12 to 1 6 m high and the eucalypts present included 
the following: 
- Red Box 
- Messmate 
- Red Stringybark 
The density of the canopy ranged from 1 8 to 25 trees per 1 0m quadrat. There were 
no understorey smaller trees/shrubs and no ground layer of shrubs and grasses. Leaf 
litter cover was 100%. Evidence of logging and fire in the area was apparent as many 
juvenile trees were growing with blackened trunks. 
 74
 
There were no possums or gliders spotlit in the area and no hollows or dreys recorded. 
The girth (at chest height) of the large eucalypts varied from 0.85 to 1.2 m. 
 
Category C sites were located in vegetation adjacent to Skyline Road and Eltham  
Road. 
 
Eucalypts were either non-existent or sparsely scattered throughout the two sites. The 
understorey shrub layer was dominated by tea-tree (L. continentale) and the only 
other shrub present was black wattle. The understorey was approximately 5 to 7m 
high,, and with a density of 50 to 80 trees per 10m2 quadrat it formed the canopy at 
these sites. With very few eucalypts present there were no hollows or dreys visible 
and no  possums were detected during spotlighting. 
 
Category D sites were located in vegetation adjacent to: 
- Rifie Range Road 
- Fox Road 
- Roberts Track 
- One Tree Hill Track 
- Rob Roy Road 
The canopy at each of these sites was approximately 15 to 20 metres high and the 
eucalypts present included the following: 
- Long-leaved Box 
- Red Box 
- Narrow-leaved Peppermint 
- Messmate 
- Red Stringybark 
The density of the canopy varied from 18 to 40 trees per 10m quadrat. 
 
The understorey trees were either non-existent or sparsely scattered at each site. They 
were approximately 1 to 6m high and were mainly different types of wattles - 
blackwood and spreading wattle. Occasionally a few dogwood and burgan shrubs 
were located. The density of the understorey shrubs varied from zero to six shrubs per 
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10m2 quadrat. The ground at most of the sites was dry, stony and open. The ground 
vegetation was dominated by poa grass and bracken. 
 
The average number of possums spotlit varied considerably from 1 to 18 possums in 
one hour. All the possums were seen in eucalypt trees. No dreys were recorded. The 
mammals spotlit included the following: 
- Common Ringtail Possum 
- Common Brushtail Possum. 
No Sugar Gliders were spotlit at any of the category D sites. Their presence at these 
sites is uncertain. 
The girth of large eucalypts at these sites varied from 2.1 to 2.7m. 
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Prey Availability 
In order to find which environmental variables correlate strongly with high prey 
numbers, two statistical tests were performed. 
 
(a) Correlation coefficient - this test measures the direction and degree of relationship 
between two variables or two sets of scores. If the value of one variable is given and a 
strong relationship exists between two variables then predictions can confidently be 
made about the other variable. 
 
Table 6 summarzies the results of a correlation co-efficient test performed between 
several environmental variables. From Table 6 it is evident that the presence of 
hollows is strongly correlated with prey numbers (r=0.8110, P=0.000). There is also a 
moderate correlation between prey numbers and the height of the vegetation 
(Eucalyptus spp.- canopy trees) (r0.5257, P0.036). 
 
(b) Dendrogram - this test diagrammatically represents the relationships between sets 
of variables. In this particular test twelve different environmental variables were used 
(refer to Figure 23). Once again it can seen the strong relationship between the 
presence of prey and hollows. With this particular test it can also seen a strong 
relationship between prey numbers and wattle trees. 
 
 Table 6. Summary of correlation co-efficients. 
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Even though Common Ringtail Possums are not hollow-dependent mammals 
(Mackowski, 1984), dreys were rarely seen and utilised by the possums in this study. 
Trail (1991) also found that Common Ringtail Possums very rarely built dreys at his 
study site. Trail (1991) surveyed birds and mammals at two sites in a Box-Ironbark 
forest at Chiltern in north-eastern Victoria. One site had abundant mature trees with 
hollows and the other site had very few. Trail (1991) found that the lack of tree 
hollows limited the distribution of some species. The Common Ringtail Possum was 
only found at the site that had abundant mature trees. 
 
This is a contrast to previous studies on Common Ringtail Possums. Thomson and 
Owen (1964) found a dependence of the Common Ringtail Possum on various 
vegetation associations (Leptospermum, Kunzea, Acacia - Pteridium and Eucalyptus) 
for nest sites. In fact the highest ringtail population densities and nest densities 
occurred in mature stands of Leptospermum where replacement by Eucalyptus spp. 
had commenced. 
 
Cooke (1995) also found Common Ringtail Possum dreys were very common in 
Warrandyte State Park and there appeared to be a shortage of tree hollows for nesting 
possums. 
 
It is not surprising however that a correlation between prey numbers and the height of 
the vegetation (Eucalyptus canopy) was found. Common Ringtail Possums not only 
nest in large eucalypt trees but the foliage of Eucalyptus spp. contributes 61-98% of 
the annual diet of the ringtails (Pahl, 1987). 
 
Sugar Gliders were also only seen in sites with an understorey of shrubs/trees. This 
understorey was dominated by three types of trees. 
- Tea-tree 
- Black Wattle 
- Common Dogwood. 
According to Suckling (1984) differences in density of Sugar Gliders are most readily 
explained by differences in abundance of Black Wattles, which provide an important 
autumn and winter food source. It is therefore, not surprising, that a strong 
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relationship between the presence of wattle trees and prey numbers was found in the 
dendrogram. 
 
5.3 Habitat Management 
The most significant result of the dietary study was that mammals were found in 89% 
of the pellets and that the Common Ringtail Possum was the most abundant 
mammalian prey species taken over the four seasons. In the habitat study an important 
finding was the strong correlation between high prey densities and the presence of 
hollows. 
 
To protect and conserve the Powerful Owls in the Warrandyte Kinglake Nature 
Conservation link it is not only necessary to conserve the possums but to maintain 
high prey densities of possums, it will be necessary to protect and manage the tall 
eucalypts which produce hollows. 
 
Eucalypts are the major hollow producers in Victorian forests (Mackowski, 1984). 
River Red Gum, Manna Gum and Swamp Gum are probably the best known hollow - 
producers. Most introduced trees, such as willows, pines and conifers do not produce 
hollows used by Victoria’s wildlife. 
 
Useful hollows for wildlife only begin to form in eucalypts after about 100 years, 
subsequently deepening and enlarging with age (Mackowski, 1984). The number of 
hollows per tree also increases with tree age. Hollows large enough to provide nest 
sites or roost sites for large possums and owls generally only develop in trees aged 
200 years or older (Mackowski, 1984). 
 82
 
5.3.1 Nest and Roost sites of the Powerful Owl 
Since July 1991, the family of Powerful Owls living at One Tree Hill have been 
recorded from 78 different roost trees, including three nest trees (Webster, 
unpublished data). 
 
Although the three nest trees have all been in Messmate (E. obliqua) the nest hollows 
have varied considerably in depth and diameter (refer to Plates 4 and 14 ). This 
highlights the flexibility and adaptability of the Powerful Owl in terms of nesting 
requirements. 
The roost sites at One Tree Hill Reserve have been located in two main sub-habitats. 
- Dry Woodland 
- Riparian Forest (Webster, unpublished data). 
Figure 24 indicates that 69% of the roost sites have been recorded in one particular 
species of eucalypt, the Messmate. 
 
The owls at Christmas Hills have also roosted in several types of wattle trees (A. 
dealbata, A. mearnsii, A. melanoxylon and A. paradoxa). According to Webster (pers. 
comm.) on colder days the Powerful Owls roost in tall eucalypts. However, on 
warmer days the owls roost in smaller trees and shrubs as this second stratum level of 
vegetation probably provides more shade and a cooler environment or one which is 
more secure. In Queensland, Pavey (pers. comm.) found the owls regularly roost in 
rainforest trees with thick canopy even though they forage in eucalypt woodland. 
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Plate l4 Nest tree (E. obliqua) utilised by the Powerful Owls In 1995 at One Tree Hill 
Reserve.  Photo: Alan Webster 
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5.3.2 Management Recommendations 
To manage the Powerful Owl successfully in the Warrandyte-Kinglake Nature 
Conservation Link it is recommended that-: 
 
1. An ongoing survey for the populations of known and possible prey species of the 
Powerful Owl be undertaken to continue to identify and preserve sites of high prey 
densities. 
 
2. Cleared or semi - cleared land within the Warrandyte Kinglake Nature 
Conservation Link be revegetated using indigenous species of eucalypts and wattles 
in order to provide a contiguous native forest corridor for the movement of possums 
and gliders between the Yarra River Valley and the Kinglake Plateau. 
 
3. Continued planting of Eucalyptus spp. and Acacia spp. in the forested areas of the 
Warrandyte-Kinglake Nature Conservation Link. 
 
4. Continued protection of healthy living trees to provide a continuous supply of 
hollow trees in the future. 
 
5. No falling of dead standing trees for firewood collecting as these can provide nest 
hollows for prey species of the Powerful Owl. 
 
6. Although the Powerful Owl can tolerate some disturbance, nesting sites of the owl 
should be made inaccessible to the public. Webster (pers. comm.) has evidence that 
owl’s behaviour has been affected by human interference at their breeding sites 
elsewhere. 
 
7. Continued research and monitoring of the Powerful Owls be undertaken in the 
Warrandyte -Kinglake Nature Conservation Link. Future research could include the 
following-: 
(A) radio-tracking Powerful Owl fledglings to determine survival and dispersal.  
(B) radio-tracking adult Powerful Owls to determine the size and boundaries of their 
home range. 
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CHAPTER 6 – CONCLUSIONS 
 
The following conclusions have been drawn from this study: 
 
1.  The Common Ringtail Possum was the most abundant mammalian prey species 
taken over the four seasons. 
 
2.  There was no seasonal difference (p > 0. 1) in the occurrences of both Common 
Ringtail Possums and Sugar Gliders in pellets collected over the year. 
 
3.  Common Brushtail Possums were taken mainly in Spring and the seasonal 
differences in occurrences was statistically significant (p < 0.01). 
 
4.  Common Ringtail Possums were divided into three age classes - adult, immature 
and young. Adult possums were taken more frequently over the four seasons (50% 
of pellets contained adult bones) compared with immature possums (28%) and 
young possums (22%). 
 
5.  High prey densities strongly correlated with the presence of hollows at sixteen sites 
within the Warrandyte-Kinglake Nature Conservation Link. 
 
6. Management recommendations have been made for the future conservation of the 
Powerful Owls living at Christmas Hills. The following four recommendations are 
particularly important: 
 
A. To continue to identify and preserve sites of high prey densities. 
B. Continued protection and planting of Eucalyptus spp. and Acacia spp. 
C. Nesting sites of the Powerful Owl are protected and made inaccessible to the public. 
D. Continued research and monitoring of the Powerful Owls at One Tree Hill. 
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In the Yarra valley there is now known to be at least five breeding pairs of Powerful 
Owls (Webster pers. comm.). As well as this, there are historic records of Powerful 
Owls in sites such as Currawong Reserve (Donvale), Box Hill and Montrose (Atlas of 
Victorian Wildlife, 1994) but such sightings have become rarer as suitable available 
habitat decreases. 
 
In Chapter 1, I proposed, that the Powerful Owl is a more adaptable species than  
generally accepted (Pavey, 1993) and is capable of occupying suitable habitat close to 
human settlement. It appears in the Yarra Valley that there has been an extension in  
range of breeding sites chosen by the owls. This extension has been downstream. The  
owls however, at these most downstream sites have failed two years in a row to 
successfully raise young and heavy human disturbances may be the cause (Webster  
pers. comm.). 
 
If this is the case, conservation of the owls becomes so much more important. There  
would be a need to further clarify their conservation status by more research on their 
breeding sites, population numbers, home ranges and dispersal. As well as that, to  
secure their status the in Yarra Valley, a continuous vegetated habitat may be  
necessary. Continued planting of Eucalyptus spp. and Acacia spp. in cleared, semi-  
cleared and even in forested areas of the Warrandyte -Kinglake Nature Conservation  
Link is strongly recommended. One area in particular where planting should be  
undertaken is in the riparian strip along Watsons Creek (south of One Tree Hill). 
 
Finally, if the public are to be restricted in their access to breeding sites of the Powerful 
Owl than a local community education program needs to be undertaken. School talks,  
local community group talks, posters in shops and pamphlets delivered to mailboxes  
are only a few ways in which the local community can be educated on the importance  
of the birds in the area. Care however, will need to be taken not to disclose the exact 
locations of the birds for fear of even inadvertent interference which could prejudice  
the survival of the populations of owls. 
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Appendix I 
 
A list of native mammals found at One Tree Hill Reserve (excluding bats). 
 
Species Common Name 
Macropus giganteus Eastern Grey Kangaroo 
Wallabia bicolor Swamp Wallaby 
Trichosurus vulpecula Brush4ained Possum 
Trichosurus caninus Boduck 
Pseudocheirus peregrinus Common Ringtail Possum 
Petaurus breviceps Sugar Glider 
Petaurus australis Yellow-bellied Glider 
Petauroides volans Greater Glider 
Acrobatespygmaeus Feathertail Glider 
Vombatus ursinus Common Wombat 
Perameles nasuta Long-nosed Bandicoot 
Phascogale tapoatafa Tuan 
Antechinus stuartii Brown Antechinus 
Antechinus swainsonii Swainson’s Antechinus 
Sminthopis leucopus Dunnart 
Rattusfuscipes Southern Bush Rat 
Rattus lutreolus Eastern Swamp Rat 
Hydromys chiysogaster Eastern Water Rat 
Tachyglossus aculeatus Echidna 
 
Source: Barber et al., 1984. 
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